The DNA-dependent protein kinase interacts with DNA to form a protein-DNA complex that is disrupted by phosphorylation.
DNA double-strand breaks are a serious threat to genome stability and cell viability. One of the major pathways for the repair of DNA double-strand breaks in human cells is nonhomologous end-joining. Biochemical and genetic studies have shown that the DNA-dependent protein kinase (DNA-PK), XRCC4, DNA ligase IV, and Artemis are essential components of the nonhomologous end-joining pathway. DNA-PK is composed of a large catalytic subunit, DNA-PKcs, and a heterodimer of Ku70 and Ku80 subunits. Current models predict that the Ku heterodimer binds to ends of double-stranded DNA, then recruits DNA-PKcs to form the active protein kinase complex. XRCC4 and DNA ligase IV are subsequently required for ligation of the DNA ends. Magnesium-ATP and the protein kinase activity of DNA-PKcs are essential for DNA double-strand break repair. However, little is known about the physiological targets of DNA-PK. We have previously shown that DNA-PKcs and Ku undergo autophosphorylation, and that this correlates with loss of protein kinase activity. Here we show, using electron spectroscopic imaging, that DNA-PKcs and Ku interact with multiple DNA molecules to form large protein-DNA complexes that converge at the base of multiple DNA loops. The number of large protein complexes and the amount of DNA associated with them were dramatically reduced under conditions that promote phosphorylation of DNA-PK. Moreover, treatment of autophosphorylated DNA-PK with the protein phosphatase 1 catalytic subunit restored complex formation. We propose that autophosphorylation of DNA-PK plays an important regulatory role in DNA double-strand break repair by regulating the assembly and disassembly of the DNA-PK-DNA complex.